The pharmacokinetics and safety of BILR 355 following oral repeated dosing coadministered with low doses of ritonavir (RTV) were investigated in 12 cohorts of healthy male volunteers with a ratio of 6 to 2 for BILR 355 versus the placebo. BILR 355 was given once a day (QD) coadministered with 100 mg RTV (BILR 355/r) at 5 to 50 mg in a polyethylene glycol solution or at 50 to 250 mg as tablets. BILR 355 tablets were also dosed at 150 mg twice a day (BID) coadministered with 100 mg RTV QD or BID. Following oral dosing, BILR 355 was rapidly absorbed, with the mean time to maximum concentration of drug in serum reached within 1.3 to 5 h and a mean half-life of 16 to 20 h. BILR 355 exhibited an approximately linear pharmacokinetics for doses of 5 to 50 mg when given as a solution; in contrast, when given as tablets, BILR 355 displayed a doseproportional pharmacokinetics, with a dose range of 50 to 100 mg; from 100 to 150 mg, a slightly downward nonlinear pharmacokinetics occurred. The exposure to BILR 355 was maximized at 150 mg and higher due to a saturated dissolution/absorption process. After oral dosing of BILR 355/r, 150/100 mg BID, the values for the maximum concentration of drug in plasma at steady state, the area under the concentration-time curve from 0 to the dose interval at steady state, and the minimum concentration of drug in serum at steady state were 1,500 ng/ml, 12,500 h ⅐ ng/ml, and 570 ng/ml, respectively, providing sufficient suppressive concentration toward human immunodeficiency virus type 1. Based on pharmacokinetic modeling along with the in vitro virologic data, several BILR 355 doses were selected for phase II trials using Monte Carlo simulations. Throughout the study, BILR 355 was safe and well tolerated.
The pharmacokinetics and safety of BILR 355 following oral repeated dosing coadministered with low doses of ritonavir (RTV) were investigated in 12 cohorts of healthy male volunteers with a ratio of 6 to 2 for BILR 355 versus the placebo. BILR 355 was given once a day (QD) coadministered with 100 mg RTV (BILR 355/r) at 5 to 50 mg in a polyethylene glycol solution or at 50 to 250 mg as tablets. BILR 355 tablets were also dosed at 150 mg twice a day (BID) coadministered with 100 mg RTV QD or BID. Following oral dosing, BILR 355 was rapidly absorbed, with the mean time to maximum concentration of drug in serum reached within 1.3 to 5 h and a mean half-life of 16 to 20 h. BILR 355 exhibited an approximately linear pharmacokinetics for doses of 5 to 50 mg when given as a solution; in contrast, when given as tablets, BILR 355 displayed a doseproportional pharmacokinetics, with a dose range of 50 to 100 mg; from 100 to 150 mg, a slightly downward nonlinear pharmacokinetics occurred. The exposure to BILR 355 was maximized at 150 mg and higher due to a saturated dissolution/absorption process. After oral dosing of BILR 355/r, 150/100 mg BID, the values for the maximum concentration of drug in plasma at steady state, the area under the concentration-time curve from 0 to the dose interval at steady state, and the minimum concentration of drug in serum at steady state were 1,500 ng/ml, 12,500 h ⅐ ng/ml, and 570 ng/ml, respectively, providing sufficient suppressive concentration toward human immunodeficiency virus type 1. Based on pharmacokinetic modeling along with the in vitro virologic data, several BILR 355 doses were selected for phase II trials using Monte Carlo simulations. Throughout the study, BILR 355 was safe and well tolerated.
Nonnucleoside reverse transcriptase inhibitors (NNRTIs) include a diverse group of compounds that bind to a hydrophobic pocket in the p66 subunit of human immunodeficiency virus type 1 reverse transcriptase (HIV-1 RT). Unlike nucleoside reverse transcriptase inhibitors (NRTIs), which exert antiretroviral activity on the active site of HIV-1 RT following initial activation through intracellular phosphorylation, NNRTIs exert their antiviral activity by disrupting the conformation of the active site of HIV-1 RT through noncompetitive binding to a hydrophobic pocket distant from the active site (7) . Because of their distinct mechanism of antiretroviral activity and relatively better tolerability profiles, as well as convenient dosing regimens, NNRTI-based regimens are recommended by expert panels as preferred regimens for treatment-naïve and treatment-experienced HIV-infected patients (6) . Despite better tolerability and convenient dosing, the clinical utility of the current licensed NNRTIs is somewhat limited by their low genetic barrier (5, 9, 19) . Compared to that in other antiretroviral agents, the selection of resistance mutations occurs relatively rapidly in NNRTIs, and mutant HIV viruses are often cross-resistant to the whole class of NNRTIs. As a result, patients failing on a current NNRTI-containing regimen are typically infected with viruses that are cross-resistant to all members of the class, leaving them with no further NNRTI options (1, 2) . Thus, there is a clear need to develop a new generation of NNRTIs with potent and durable antiviral activity against both wild-type (WT) and clinically relevant NNRTIresistant strains in order to complement and further improve existing combination therapies.
To meet this increasing need for better and newer NNRTIs, many attempts have been made by the pharmaceutical industry to develop such compounds. As a result, several promising compounds have emerged, and BILR 355 is one of the compounds that is currently under clinical development (5, 8, 21) . BILR 355 displays highly specific activity toward HIV-1 RT. The 50% effective concentration (EC 50 ) of BILR 355 against WT HIV-1 is 0.26 ng/ml and the EC 50 s against NNRTI-resistant viruses range from 1.5 to 13 ng/ml for the clinical common single and double NNRTI mutations (i.e., K103N, Y181C, and K103N/Y181C) (5). With EC 50 values being generally lower than 10 nM (4.45 ng/ml), BILR 355 is capable of effectively suppressing viral growth against the clinical isolates with genotypes consistent with NNRTI resistance, NRTI resistance, or protease inhibitor (PI) resistances. General/safety pharmacology studies show that BILR 355 is well tolerated, with modest effect on central nervous system, cardiovascular, and renal function following high doses (100 mg/kg). The effects of BILR 355 on hERG have not been evaluated yet. In vitro metabolism studies suggest that CYP 3A4 is likely to be the major enzyme responsible for the metabolism of BILR 355 (5) . Following a single oral dose of BILR 355 drink solution to healthy volunteers, the mean time to maximum concentration of drug in serum (T max ) was 0.5 to 1.5 h and the mean terminal half-life (t 1/2 ) was 2 to 4 h. BILR 355 exposures appear to be more than dose proportional to the increasing doses (12) . After a single oral dosing of BILR 355 coadministered with 100 mg ritonavir (RTV) (BILR 355/r), the BILR 355 T max was delayed to 1.5 to 3 h, while the t 1/2 was prolonged to 10 to 15 h. The values of the maximum concentration of drug in plasma (C max ) and the area under the concentration-time curve from 0 h to infinity (AUC 0-ϱ ) increased 15-to 30-fold and 2-to 5-fold, respectively. The exposures to BILR 355 appear to be approximately dose proportional.
Given the favorable pharmacokinetic (PK) profiles observed following single dosing of BILR 355/r, it was decided to further characterize the PK profiles of BILR 355 after repeated dosing. The objectives of this study therefore were to evaluate BILR 355 pharmacokinetics and document the safety and tolerability of BILR 355 after multiple dosing of BILR 355/r. The pharmacokinetics data obtained from this study were to be used in conjunction with in vitro virologic data in modeling and simulation to rationally select phase II doses.
MATERIALS AND METHODS

Subjects.
The study was conducted at the Buffalo Clinical Research Center in Buffalo, NY, following approval by the local Ethics Committee. After giving informed consent, healthy male volunteers aged 18 to 60 years with a body mass index between 18.5 and 29.9 kg/m 2 entered into the study. Subjects were in generally good health, as judged by medical history, physical exams, and the clinical laboratory data. Clinically abnormal results, evidence of existing diseases or disorders, or any observations or conditions (e.g., smoking, consumption of alcohols, and drug abuses) that might interfere with the pharmacokinetics of the study drug were reasons for exclusion. Subjects could be withdrawn from the study at any time due to an adverse event, an inclusion/exclusion criteria violation, a failure to show for the study, the withdrawal of consent, the intake of any concomitant drugs interfering with the study medication, or the onset of an illness. The volunteers dropped from the trial were not replaced unless the number of volunteers per dose group was less than six.
Study design. This was a single-center, investigator-blind, randomized, placebo-controlled, multiple-dose escalation study. Originally, a total of up to 80 healthy volunteers were planned to participate in the trial, with 10 cohorts of eight subjects (six active drug [BILR 355/r] and two placebo [placebo ϩ RTV]). An additional two dose groups were added later in the trial to explore twice a day (BID) dosing of BILR 355 and RTV. This study was divided into two segments. In segment one (including cohorts 1 to 4 [PK treatment groups S1 to S4]), a drink solution of BILR 355 was used for dosing (powder in a bottle [PIB] , dissolved in PEG 400), and in segment two (including cohorts 5 to 12 [PK treatment groups T5 to T12]), a tablet form of BILR 355 was administered. In segment one, 5-, 12.5-, 25-, and 50-mg BILR 355 solutions were coadministered with 100 mg RTV once daily (QD). For cohorts 5 to 10 of segment two, a 50-, 75-, 100-, 150-, 200-, or 250-mg BILR 355 tablet was coadministered with 100 mg RTV QD. For cohorts 11 and 12 of segment two, 150 mg BILR 355 was dosed BID for both cohorts. However, for cohort 11, 100 mg RTV was dosed QD, while for cohort 12, 100 mg RTV was given BID. For cohorts 1 to 5, the healthy volunteers were dosed for 11 days. During segment two, an interim analysis was performed after the 50-mg dose to determine the time for the plasma BILR 355 concentration to reach steady state. The duration of dosing at doses higher than 50 mg was to be modified based on this analysis. As a result of this analysis, for cohorts 6 and higher, the subjects were dosed 7 days to speed up the dosing escalation process. For all cohorts, additional RTV doses were given 10 h before the first morning dose of BILR 355 (Ϫ10 h) and at the same dosing intervals after stopping dosing of BILR 355, up to 24 h or 12 h (for cohort 12 only) before the last blood sample was withdrawn. The additional doses of RTV were used to maintain the same plasma RTV levels as those in chronic treatment to allow better estimating of the t 1/2 of BILR 355.
Blood and urine sampling. (i) Blood sampling. Intensive PK samples were taken at day 1 and at steady state (day 7 or day 11). For day 1 sampling, blood samples were taken at the predose (0) hour and at 0.25, 0.5, 0.45, 1, 1.5, 2, 2.5, 3, 4, 6, 9, 10, 12, 16, and 24 h after drug application. For steady state, additional blood samples were taken at 48 and 72 h after the last drug administration. In addition, trough blood samples were taken each morning between day 1 and steady state. At each time point, about 5-ml blood samples were drawn into collection tubes containing heparin anticoagulant and bearing sample identification. The samples were centrifuged at 4°C for plasma preparation. Centrifugation was carried out within 60 min after blood sampling at 2,000 ϫ g (equivalent to 3,000 rpm) for 10 min. Two aliquots of plasma samples (about 1.2 ml in polypropylene tubes) were available for drug assays. The plasma was stored in individually labeled polypropylene tubes at Ϫ20°C.
(ii) Urine sampling. Urine was collected quantitatively (by a determination of volume). Two aliquots of urine (each 20 ml) were then stored at Ϫ20°C until analysis. Urine was collected for 0 to 24 h after drug administration with the following collection intervals: prior to drug administration (blank sample), 0 to 6 h, and 6 to 24 h. The bladder was voided before the beginning of each collection interval.
Bioanalytical method. A validated high-pressure liquid chromatography-tandem mass spectrometry method was used in the assay of plasma and urine samples. An aliquot of human plasma (heparin) or urine containing BILR 355 and an internal standard was extracted using a protein precipitation/online switch valve procedure. The extracted samples were analyzed with a high-pressure liquid chromatograph equipped with a PE Sciex API 3000 mass spectrometer. Positive ions were monitored in the selected reaction-monitoring mode. Quantization was by peak area ratio. The calibration range was 2.00 ng/ml to 1,000.00 ng/ml. The lower limit of quantification was 2 ng/ml. The between-batch precision and accuracy were 4.3% to 8.7% and 0.6% to 4.8%, respectively, for plasma; and for urine, the between-batch precision and accuracy were 2.9% to 5.2% and 0.1% to 14.2%, respectively.
Safety assessment. The safety and tolerability of BILR 355 were evaluated on the basis of adverse events, physical examinations, laboratory tests (serum chemistry, hematology, and urinalysis), measurements of vital signs, and electrocardiograms (ECG). The severity, duration, and potential relationship of the adverse events to the study drug were assessed by the investigator. All safety assessments were performed at the screening, before the first drug dose administration, and at the follow-up visits. In addition, the safety measurements (laboratory tests, vital signs, and ECG) were also taken at several predefined periods specified in the protocol. The adverse events were monitored throughout the study.
Noncompartmental PK analyses. Plasma BILR 355 concentration-time data were analyzed by a noncompartmental approach using WinNonlin (version 4.01, Gary, NC). C max , T max , terminal elimination constant (z), and t 1/2 values were obtained through the standard WinNonlin procedure. The AUC was calculated using the linear up/log down algorithm of WinNolin. The apparent steady-state clearance, CL/F ss , was calculated as dose/AUC 0-,ss , where F is the systemic availability and AUC 0-,ss is the steady-state AUC over the dose interval (); the apparent volume of distribution, V z /F ss , was determined as (CL/F ss )/z. The renal clearance (CL R ) was calculated as the ratio of the unchanged drug excreted in urine (A e ) over a time interval to the plasma AUC over the same interval. The fraction excreted as unchanged drug in urine (f e ) was calculated as the A e as a percentage of the administered dose. The accumulation ratio was determined as AUC 0-,ss /AUC 0-,1 , where AUC 0-,1 is the day 1 AUC over . The accumulation index was calculated as 1/(1 Ϫ e Ϫz ⅐ ). Compartmental PK modeling and Monte Carlo simulation with NONMEM. Data collected from cohorts 3 to 6 (25-mg and 50-mg solution plus 50-mg and 75-mg tablet, QD) of this study were used for the development of a PK model describing the pharmacokinetics of BILR 355 in healthy volunteers using the NONMEM program (NONMEM version V, level 1.1, NONMEM Project Group, UCSF/GloboMax). The following two models were developed: (i) a model based on the PK data of cohorts 3 to 6 (combined data of solution and tablet cohorts) and (ii) a model based on the PK data of cohorts 5 and 6 only (tablet cohort data only). One-and two-compartment models with first-order absorption and with or without lag time were evaluated as an initial model. Log-normal distribution of all structural parameters was assumed. A constant coefficient of variation error was used to describe the residual variability. The first-order conditional evaluation method with interaction was utilized throughout the modeling process. The developed models were evaluated (validated) by employing the predictive check technique; new sets of data were simulated by using the final models, and the simulated data were compared against the experimental data to assess the performance of the models (20) . The validated final model was then used in simulating different clinical trial scenarios to aid the selection of doses for phase II trials. During the modeling process, no PK parameters were fixed to predefined values.
Statistical analysis. The power model was used for the analysis of dose proportionality in terms of the AUC and C max . The model is described by the following equation: is the intercept, ␤ is the slope, D k is the k th dose effect (k ϭ 1, 2, etc.), and e km is the random error associated with the m th subject who received the k th dose. Dose linearity requires that ␤ equals 1. If the 95% confidence interval of ␤ (derived from analysis of variance) contained unity, then dose proportionality would be declared. The time to reach steady state was estimated by graphical exploration and the geometric mean ratio of the successive dose-normalized trough plasma concentration. The confidence interval and P value of the geometric mean ratio were computed to assess the variability of the estimates to help determine if steady state was achieved or if the variability was too high to make any definitive conclusion.
RESULTS
Subjects.
A total of 94 eligible male subjects (70 on active drug treatment and 24 on placebo [plus RTV]) participated in the trial. The mean age varied somewhat across cohorts, ranging from 25.2 years for the 50-mg solution and 100-mg tablet groups to 47.8 years for the 5-mg solution group. All cohorts except the 5-mg solution group had a mean age ranging from 25 to 35 years, with an overall mean of 31 years old. Seventythree percent of the subjects were white; 24% of the subjects were black; and 3% of the subjects were Asian, with the nonwhite subjects spread across multiple cohorts. The mean heights were similar across cohorts, ranging from 171.0 to 185.4 cm, with an overall mean of 178.8 cm. Mean weights were more variable across cohorts, ranging from 77.0 to 91.5 kg, with an overall mean of 85 kg. The mean body mass index was 26.5, ranging from 24.3 to 27.9. Most subjects (78.6%) reported average alcohol consumption and had never smoked (87.1%), with similar rates seen across cohorts. Overall, all baseline demographic variables were very similar for BILR 355/r and placebo subjects.
Safety and tolerability. The overall adverse event rate during the trial was low. No death or serious adverse events are reported in this study. A total of 23 (32.9%) subjects receiving BILR 355/r, 6 (25.0%) subjects receiving placebo, and 3 (3.2%) subjects receiving RTV alone (before BILR 355/r treatment) reported adverse events. There was no apparent difference in the frequencies of adverse events between dosing levels. Overall, 11 (15.7%) of the subjects in the study drug group and 1 (4.2%) subject in the placebo/r group had adverse events which were considered by the investigator to be possibly related to study medication (either BILR 355 or RTV). The most common related adverse events in the BILR 355/r groups were diarrhea (six subjects, 8.6%) and upper abdominal pain (two subjects, 2.9%). No other events considered possibly related to treatment occurred in more than one subject. Mild increases in creatine kinase were seen across treatment groups, and some minor effects on estrone, androstenedione, and high-density lipoproteins/low-density lipoproteins should be explored in further studies with longer duration. Also, effects on liver function tests cannot be ruled out, as one subject did experience increases. There was no effect on ECG, and a mild increase in vital signs was observed in both active and placebo groups, indicating that the effect on blood pressure may be due to study activities rather than BILR 355.
Noncompartmental pharmacokinetics. As shown in Fig. 1 and Table 1 , following multiple dosing of the BILR 355 drinking solution coadministered with RTV, the mean T max,ss values were approximately 1 to 4 h and the mean t 1/2,ss values approximately 15 to 21 h. The mean accumulation ratio ranged from 1.32 to 1.6, somewhat less than the accumulation index, indicating no excess accumulation. The mean CL/F ss was in the range of 5.42 to 7.13 liters/h. The mean f e was less than 6% during 24-h time intervals. As shown in Fig. 2 , an increase in the BILR 355 dose appeared to lead to an approximate linear increase in AUC 0-,ss and C max,ss over the dose range of 5 to 50 mg for the solution formulation. Statistical analysis indicated that dose proportionality can be concluded for AUC, but not for C max , for this dose range. As shown in Fig. 1 and confirmed by statistical analysis, the plasma BILR 355 concentration reached steady state after 5 to 6 days of dosing.
As shown in Tables 1 and 2 (for PK treatment groups T5 to T10), the mean CL/F ss was 10 to 23.3 liters/h after multiple dosing of BILR 355, a 50-to 250-mg tablet with RTV. Starting from 150 mg, the CL/F ss values were increased with increasing doses, suggesting that the systemic availability of BILR 355 declined after reaching the 150-mg dose level. The mean f e values were less than 4% for all the group. The gradual decline of f e values reflected a reduction of relative bioavailability with an increase in the dose from 50 mg to 250 mg. Figure 3 provides a visual assessment of the dose proportionality (DP) region for tablet formulation. Statistical analysis determined DP for both AUC 0-,ss and C max,ss over the dose range of 50 to Tables  1 and 2 . These results demonstrated that the exposures to BILR 355 were similar, regardless of RTV being coadministered QD (cohort 11) or BID (cohort 12) with BILR 355 BID. The mean plasma BILR 355 concentration-time profiles at the troughs (Fig. 1) and the statistical analysis indicated that the plasma BILR 355 concentrations achieved steady state after approximately 5 to 6 days of dosing. It should be noted that the last mean troughs on the plots were evening troughs, which have been shown to be lower than morning troughs in both cohort 11 (927 Ϯ 235, ng/ml) and cohort 12 (1,080 Ϯ 283, ng/ml); the large difference (ϳ36 to 40%) in the plasma levels of morning and evening troughs of BILR 355 in all subjects suggested that the pharmacokinetics of BILR 355 had a diurnal variation.
For all dosing groups, the variability values for C max,ss and AUC 0-,ss were in the range of 20 to 35%, and for the minimum concentration of drug in serum at steady state (C min,ss ), the range for variability was 20 to 40%.
Modeling, simulation, and selection of doses for phase II trials. PK models based on the combined data of the solution and tablets as well as the data of tablets alone were able to adequately describe the pharmacokinetics of BILR 355. However, during the model evaluation process, the models based on tablet data were found to have better predictive performance. Given the fact that the tablet is the formulation used in the phase II trials, the PK models based on tablet data were selected for the simulations of phase II doses, and therefore, the process of development of the PK models for the tablet is presented here. The goodness-of-fit plots are depicted in Fig.  4 . The PK parameters obtained from the final model are summarized in Table 3 . Both one-and two-compartment models were able to successfully converge; however, based on the Akaike information criterion, the two-compartment model was selected (16) . The inclusion of the absorption lag time resulted in failure to converge, and as result, it was not included in the final model. A mixture of constant variance and constant coefficient of variation residual errors was also tested but found not to be able to converge, and therefore, the proportional error model was kept as the residual error model. After taking these together, the two-compartment body model with the a PKTRT, PK treatment groups. All values are presented as three significant digits. n ϭ 6 for all groups, except S1, S3, T5, and T8, which have 5 subjects. Treatment groups S1 to S4 represent solution cohorts 1 to 4. Treatment groups T5 to T12 represent tablet cohorts 5 to 12. S1, S2, S3, and S4 were given 5, 12.5, 25, and 50 mg of solution (PIB) QD, respectively. T5, T6, T7, T8, T9, and T10 were given 50-, 75-, 100-, 150-, 200-, and 250-mg tablets QD, respectively. T11 was given a 150-mg BILR 355 tablet BID ϩ 100 mg RTV QD. T12 was given 150 mg BILR 355 BID ϩ 100 mg RTV BID. proportional residual error model was deemed the final model for BILR 355 tablet. The oral clearance of 9.53 liters/h estimated by compartmental modeling is in good agreement with the clearance values (CL/F ss , ϳ10 liters/h) for tablet formulation of 50-to 100-mg dose groups based on noncompartmental analysis ( Table 2 ). The standard errors of estimates were generally small compared to the parameter estimates. The predictive performance of the PK model was evaluated through the method of predictive performance check; the final model was utilized in simulating the data for all cohorts of the trial, including BID dosing, and the mean PK parameters obtained from the simulated data (n ϭ 1,000) were presented along with the trial data in Table 4 . The simulated mean PK parameters were very close to the trial data, with the majority of the difference less than 15%, suggesting that the model had a good predictive performance. The validated model was then used in simulating various scenarios in phase II trials. The summary of the simulated C min,ss values with distribution are presented in Table 5 , as C min,ss values are the most relevant PK parameters in terms of projection of antiretroviral efficacy. Table 6 presents the dose selection for the phase II program, using the simulated plasma levels in combination with in vitro virological data. The simulated mean and the 10th percentile C min,ss values of BILR 355 are presented for each candidate dose in Table 6 . The 10th percentile is the concentration that 90% of the subjects' concentrations will exceed. Protein binding-corrected EC 50 s for WT HIV-1 and the prototype mutant (K103N/Y181C) are presented separately in Table 6 , as the susceptibility levels of these HIV-1 viruses to antiretroviral agents are different. In general, the NNRTI treatment-naïve patients are infected with wild-type HIV-1 and NNRTI treatment-experienced HIV patients are infected with mutant HIV-1. In order to maintain the suppressive concentration at all times during the dosing cycle to achieve a durable suppression of HIV-1 in both treatment-naïve and treatment-experienced HIV-infected patients, the projected C min,ss values have to be approximately 50-fold or more above the protein binding-corrected EC 50 against HIV-1 (WT or mutant) for at least 90% of the patients. The ratios of the 10th percentile values of the C min,ss of BILR 355 to the EC 50 values (corrected) that are presented in Table 6 provide this information. The candidate doses for treatment-naïve patients all provide sufficient margins of suppression of HIV-1 WT virus. The candidate doses for treatment-experienced patients, except 150 mg QD, all provide sufficient margins of viral suppression as well. The highest (150 mg QD and 150 BID for treatment-naïve and treatment-experienced, respectively) and the lowest (75 mg QD and 75 mg BID for treatment-naïve and treatmentexperienced, respectively) doses that are projected to provide sufficient viral suppression are selected as "high" and a All values are presented as three significant digits. PKTRT, PK treatment groups. n ϭ 6 for all groups, except S1 and T8, which have 5 subjects. Treatment groups S1 to S4 represent solution cohorts 1 to 4. Treatment groups T5 to T12 represent tablet cohorts 5 to 12. S1, S2, S3, and S4 were given 5, 12.5, 25, and 50 mg of solution (PIB) QD, respectively. T5, T6, T7, T8, T9 and T10 were given 50-, 75-, 100-, 150-, 200-, and 250-mg tablets QD, respectively. T11 was given a 150-mg BILR 355 tablet BID ϩ 100 mg RTV QD. T12 was given a 150-mg BILR 355 BID ϩ 100 mg RTV. "low" doses in the phase II trials because such selections are likely to result in distinguishable dose-response relationships (of high to low doses) to meet the goals of phase II trials.
DISCUSSION
This trial was the second clinical study with BILR 355, a second generation of NNRTI. The primary objectives of this study were to evaluate the pharmacokinetics of BILR 355 after multiple dosing of BILR 355/r and document the safety and tolerability of BILR 355. In addition, the PK data obtained in this study were to be used in modeling and simulation to assist the selection of doses for phase II trials.
BILR 355 appeared to be safe and well tolerated after 7 or 11 days of dosing of BILR 355/r, with one subject discontinued due to an adverse event (alanine aminotransferase /aspartate transaminase increase) in the 25-mg PIB group and no obvious effects on other measures of safety.
Since the lowest dose of tablet formulation started from 50 mg, the dose escalation step was started with the BILR 355 drink solution at 5 mg and then was gradually increased to higher doses of tablets. Consistent with a previous report, BILR 355 was rapidly absorbed with a mean t max of 1.5 to 3 h; after multiple dosing of BILR 355/r, BILR 355 displayed an approximately linear dose exposure relationship in the dose range of 5 to 50 mg. The mean t 1/2 of 16 to 20 h observed in the present study was somewhat longer than the half-life of 11 to 15 h following single dosing of BILR 355/r observed in the previous study (12) This may be attributed to the fact that in this study, two additional doses of RTV were given 24 and 48 h after the last BILR 355 dosing to maintain steady-state plasma RTV concentrations in the elimination phase of BILR 355, thus maintaining the boosting effect of RTV.
Following multiple dosing of BILR 355/r in tablet form (segment two of the study), exposures to BILR355 were proportional to doses up to 100 mg. From 100 to 150 mg, a slightly downward linear relationship was observed. However, from 150 mg and up, the increase in exposure relative to dose was maximized (Table 1 and Fig. 3) . The limitation on the exposure to BILR 355 above 150 mg was probably attributed to a saturated dissolution/absorption process. BILR 355, a compound with high permeability but low solubility (unpublished data), may saturate the dissolution/absorption process once a large amount is taken into the gastrointestinal tract.
Compared to the 150/100 mg BILR 355/r QD, the mean daily AUC 0-24 value was doubled, while the mean C min,ss was increased to 570 ng/ml, 66-fold higher than the protein-bind- (Tables 1 and 6 ) against the prototype mutant HIV-1 (K103N/Y181C) after BILR 355 BID with low-dose RTV. It is noteworthy that the steady-state exposures to BILR 355 (AUC 0-, C max , and C min ) were comparable regardless of RTV being given as QD or BID in cohorts 11 and 12 (Table 1) . RTV, a CYP 3A4 inhibitor, has been used widely as a PK enhancement agent to improve the PK profiles by inhibiting CYP p450 3A4, an enzyme responsible for the metabolism of many antiretroviral agents, such as HIV PIs (15, 18) . It has been shown that in many cases low doses of RTV are as effective as the higher doses of RTV in boosting PK profiles, indicating that after reaching certain plasma levels, an extra amount of the RTV does not necessarily contribute to additional appreciable boosting effects (18) . In the present study, the plasma RTV concentrations after multiple dosing QD may have already reached the levels capable of inhibiting CYP 3A4 to a maximum extent, and therefore, an additional 100-mg dose of RTV was unable to further boost plasma BILR 355 levels.
RTV PK has a diurnal variation (11) . If RTV is given QD, it should be given with BILR 355 in a morning dosing to provide maximal boosting effect. While RTV provides significant boosting effect (given QD or BID) on the pharmacokinetics of BILR 355, the potential drawback of the RTV boosting NNRTIs is that if the regimen fails, patients may develop a virus resistant toward NNRTIs and PIs.
In the present study, a diurnal variation in pharmacokinetics was observed for the BILR 355 C min,ss in cohort 11 (594 ng/ml for the p.m. trough versus 927 ng/ml for the a.m. trough) and cohort 12 (570 ng/ml for the p.m. trough versus 1,080 ng/ml for the a.m. trough). Diurnal variation has been shown in the pharmacokinetics of RTV (11) as well as other antiretroviral agents, such as nelfinavir and delavirdine (13, 17) . The cause of the variation has not been completely elucidated yet; however, it is believed that the diurnal variations in pharmacokinetics may be the result of the reduction in the hepatic blood flow during sleep, caused by the combined lowering of blood pressure and the pause rate, and the reduction of hepatic flow likely reduces the metabolism rate. Variation in the intake of carbohydrates and fat could also be an explanation (13) . Since the antiviral activity of NNRTIs is related to the C min,ss , the diurnal variation of plasma levels of BILR 355 is likely to be clinically relevant (17) , even though it has been shown by PK modeling that the time period during which evening plasma levels are below the levels of the morning trough is merely a brief one (11) .
In the current study, the observed intersubject variability for the C max,ss and AUC 0-,ss was in the range of 20 to 35%; for the C min,ss , the range was 20 to 40%. BILR 355, therefore, is considered a drug with "normal" PK variability (3).
The compartmental PK modeling reported here was performed during the double-blind dose escalation phase of the trial, which was before the availability of the demographic and the PK data of BID dosing (although the BID data were later utilized in the evaluation of the models). The results of modeling and simulation have been used in the selection of doses for phase II trials, and these selections have been submitted to the health authorities. Here we present results as they were in the submission, and therefore, they may be slightly different from the conventional modeling process. Considering the dose linearity region, only data from cohorts 3 to 6 were selected for building the model, and cohort 7 (100-mg tablet) was saved for the validation of the model. As shown in Table 4 , the predictive performance of the final model was quite good, as the simulated mean PK parameter values were in good agreement with the observed data. The only exception was the C min,ss of BID dosing, which was 36% higher in simulated data. However, the deviation is understandable, as the PK model was built based on the QD data; it is unlikely to predict the diurnal effects which could be measured only following BID dosing. A 36% downward adjustment for the simulated C min,ss was thus later used in accounting for the diurnal variation of the pharmacokinetics of BILR 355. The variability in the simulated data was 25 to 27% for the C max and AUC and 48 to 54% for the C min,ss , values that were somewhat higher than the observed data. Because the phase II trials will be conducted in HIV-infected male and female patients, a larger intersubject variability than those observed in this study is expected. A 40 to 50% intersubject variability in trough levels was reported for nevirapine (14) , an NNRTI structurally similar to BILR 355, suggesting that a variability of 48 to 50% for the C min,ss for BILR 355 in HIV-infected patients is a reasonable assumption in projecting phase II doses. Apparently, when phase II data become available, it will be necessary to refine the PK model by incorporating the demographic data and patient disease characteristics, as well as pharmacodynamic data, to simulate the phase III doses in aiding the design of the pivotal trials. The current study shows that even though some uncertainties (such as variability in the plasma levels of HIV-infected patients) exist in the simulated data, Monte Carlo simulations can be used in exploring the different scenarios of clinical trials, particularly the ones for which limited experimental data are available, such as the BID dosing regimens in the current study. As a result, after comprehensive analysis of the outcome of the simulated trials, an optimal design can be obtained, and thus, a higher likelihood of success for the clinical trial is expected. Application of Monte Carlo simulations in aiding the design of clinical trials is a new method that has gained popularity in recent years, and apparently, more research is needed in this field (4, 10) .
In conclusion, the present study demonstrates that following multiple dosing of BILR 355/r, BILR 355 is safe and well tolerated. BILR 355 is rapidly absorbed, with a mean T max of 1.3 to 5 h and a mean t 1/2 of 16 to 20 h. For the tablet formulation, the BILR 355 exposures are approximately linear for doses from 50 to 150 mg. After oral administration of 150/100 mg BILR 355/r BID, the plasma BILR 355 levels provide sufficient suppressive concentration toward HIV-1. The BILR 355 PK data can be best described by a two-compartment model with first-order absorption and first-order elimination. Based on this model along with the in vitro virologic data, BID (75 and 150 mg) and QD (75 and 150 mg) are selected as the doses for treatment-experienced and treatmentnaïve patients, respectively, for phase II trials by using Monte Carlo simulations. 
